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Background-—Many hospitalized patients with heart failure and reduced ejection fraction (HFrEF) have a slow heart rate at
discharge, and the effect of b-blockers may be reduced in those patients. We sought to examine the variable effect of b-blockers
on clinical outcomes according to the discharge heart rate of hospitalized HFrEF patients.

Methods and Results-—The KorAHF (Korean Acute Heart Failure) registry consecutively enrolled 5625 patients hospitalized for
acute heart failure. In this analysis, we included patients with HFrEF (left ventricular ejection fraction ≤40%). Slow heart rate was
defined as <70 beats per minute regardless of the use of b-blockers. The primary outcome was 1-year all-cause postdischarge death
according to heart rate. Among 2932 patients with HFrEF, 840 (29%) had a slow heart rate and 56% received b-blockers at discharge.
Patients with slow heart rates were older and had lower 1-year mortality than those with high heart rates (P<0.001). A significant
interaction between discharge heart rate and b-blocker use was observed (P<0.001 for interaction). When stratified, only patients
without a b-blocker prescription and with a high heart rate showed higher 1-year mortality. In a Cox-proportional hazards regression
analysis, b-blocker prescription at discharge was associated with 24% reduced risk for 1-year mortality in patients with high heart
rates (hazard ratio: 0.76; 95% CI, 0.61–0.95) but not in those with slow heart rates (hazard ratio: 1.02; 95% CI, 0.68–1.55).

Conclusions-—Many patients with acute heart failure have slow discharge heart rates, and b-blockers may have a limited effect on
HFrEF and slow discharge heart rate.

Clinical Trial Registration-—URL: http://www.clinicaltrial.gov. Unique identifier: NCT01389843. ( J Am Heart Assoc. 2019;8:
e011121. DOI: 10.1161/JAHA.118.011121.)
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T he prognosis of patients with heart failure with reduced
rejection fraction (HFrEF) has been steadily improving

with the development of disease-modifying drugs that target
neurohumoral activation.1 Sympathetic tone blockage with
b-blockers has been one of the cornerstones of HFrEF
treatment and has significantly improved outcomes.2 The
favorable effect of b-blockers has been attributed to its
capacity to reduce heart rate, among others.3

Early initiation of b-blockers, especially at discharge after
acute heart failure, is beneficial4; however, a considerable
number of patients with HFrEF have slow heart rate at
discharge. Because the magnitude of heart rate reduction
by the b-blocker depends on the baseline heart rate
and patients with low heart rate experience smaller
reduction in heart rate,5 the effect of the b-blocker may
be reduced. In addition, slow heart rate may present a
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psychological barrier for the physicians in terms of
prescribing b-blockers.

In this study, we sought to examine, for the first time, the
variable effect of b-blockers on clinical outcomes according to
the discharge heart rate in hospitalized patients with HFrEF in
a large nationwide prospective cohort.

Methods

Patients
The KorAHF (Korean Acute Heart Failure) registry was a
prospective multicenter cohort study that consecutively
enrolled 5625 patients who were hospitalized for acute heart
failure syndrome from 10 tertiary university hospitals through-
out the country between March 2011 and December 2014.
Detailed information on the study design and results has been
previously reported elsewhere (ClinicalTrial.gov identifier
NCT01389843).6,7 Briefly, patients with signs or symptoms of
heart failure and either lung congestion, objective findings of
left ventricular systolic dysfunction, or structural heart disease
were eligible for the study. The mortality data for patients who
were lost to follow-up were collected from the National
Insurance data or National Death Records.

In this study, we included only patients with HFrEF. The
study protocol was approved by the ethics committee or
institutional review board at each hospital. Written informed
consent was waived by the institutional review board. The
study complied with the Declaration of Helsinki.

Study Variables and Definitions
HFrEF was defined as left ventricular ejection fraction of
≤40%. Patients who did not receive evidence-based
b-blockers were excluded. Evidence-based b-blockers were

defined as long-acting metoprolol, bisoprolol, carvedilol, and
nebivolol. The doses of prescribed b-blockers were calculated
into a percentage target dose of each b-blocker, which was
200, 10, 50, and 10 mg for long-acting metoprolol, bisoprolol,
carvedilol, and nebivolol, respectively.

The use of a b-blocker was evaluated at hospital discharge,
and heart rate was measured clinically before discharge. In a
restricted cubic-spline model, there appeared to be a J-curve
relationship between the effect of b-blockers on 1-year all-
cause mortality and the heart rate; the effect of b-blockers
seemed to decrease as the heart rate decreased, and the effect
of b-blockers appeared to be neutral below a heart rate of
70 beats per minute (bpm). Using this cutoff, patients were
categorized as having either slow (<70 bpm) or high (≥70 bpm)
heart rate.8,9

The primary outcome was postdischarge 1-year all-cause
death.

Statistical Analysis
Data are presented as numbers and frequencies for
categorical variables and as mean�SD for continuous
variables. For comparisons among groups, the v2 test (or
Fisher exact test when any expected count was <5 for a
292 table) was used for categorical variables, and the
unpaired Student t test or 1-way ANOVA was used for
continuous variables.

One-year outcomes were analyzed in the b-blocker group
in relation to heart rate at discharge. Kaplan–Meier curves
were plotted and compared using the log-rank test. A
multivariable Cox proportional hazards regression model
was used to determine the effect size of b-blocker as an
independent predictor of all-cause death. Variables found to
be statistically significant (P<0.1) in the univariable analysis
were included in the multivariable model, except for variables
with >10% missing values or variables that were closely
related to other clinical variables. A 2-sided probability value
<0.05 was considered indicative of a statistically significant
difference. Statistical tests were performed using SPSS v22
(IBM Corp).

Results
The data, analytic methods, and study materials will not be
made available to other researchers for purposes of repro-
ducing the results or replicating the procedure.

Patients
Among the 5625 patients enrolled in the KorAHF registry, left
ventricular ejection fraction was available for 5103 (90.7%)

Clinical Perspective

What Is New?

• The favorable effects of b-blockers have been attributed to
their capacity to reduce heart rate, among others.

• Because the magnitude of heart rate reduction by b-
blockers depends on the baseline heart rate, its effect may
depend on the patient’s heart rate.

• In this study, b-blocker use was associated with a reduced
risk of 1-year mortality in patients with high heart rate but
not in those with slow heart rate, suggesting a differential
effect of b-blockers by heart rate.

What Are the Clinical Implications?

• Not all patients benefit equally from b-blocker therapy.
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patients. Among them, 3088 (60.5%) patients had HFrEF, and
156 patients died during hospital admission and 48 patients
did not receive evidence-based b-blockers such as atenolol,
leaving the data of 2884 patients available for the final
analysis (Figure 1).

The mean heart rate decreased from 95.1�24.6 bpm at
admission to 77.6�14.1 bpm at discharge (P<0.001). Overall,
840 (29.1%) patients had slow heart rate at discharge, and they
were older and more likely to have ischemic heart disease and
atrial fibrillation but less likely to have diabetes mellitus and
malignancy than those with high heart rate (Table 1). Further-
more, they received more RAS (renin–angiotensin system)
inhibitors, b-blockers, and mineralocorticoid receptor antago-
nists than those with high heart rate.

Changes in Heart Rate and Blocker Prescription
During Follow-up
The b-blocker prescription rate was 57% at discharge and
66.5% at 12 months, and the corresponding proportions of
patients with slow heart rate were 29.1% and 30.3%,
respectively (Figure 2A). During follow-up, there was no
difference in heart rate between patients with slow heart
rate with or without b-blocker use (Figure 2B).

The most commonly prescribed b-blocker was carvedilol
(62.6%) followed by bisoprolol (33.5%), nebivolol (3.1%), and
metoprolol (0.9%).

Clinical Outcomes
In total, 547 (19%) patients died during 1-year follow-up. As
expected, they had unfavorable clinical characteristics with
lower prescription rates of RAS inhibitors, b-blockers and
mineralocorticoid receptor antagonists.

Overall, patients with slow discharge heart rate (15.1%
versus 20.5%, P=0.001) and those with b-blocker prescrip-
tion (15% versus 24.1%, P<0.001) had lower 1-year all-cause
mortality. Under stratification according to heart rate and b-
blocker prescription at discharge, only patients with high
heart rate and no b-blocker prescription had higher 1-year
all-cause mortality, whereas there was no significant differ-
ence among the other groups (Figure 3A). Regarding hospi-
talization for heart failure, patients with b-blocker
prescription and slow heart rate had the lowest hospitaliza-
tion rate (Figure 3B).

In the Cox model, b-blocker prescription at discharge was
associated with a 24% reduced risk of 1-year mortality in
patients with high heart rate (hazard ratio [HR]: 0.76; 95% CI,
0.61–0.95, P=0.014) but not in those with slow heart rate
(HR: 1.02; 95% CI, 0.68–1.55; P=0.909; Table 2).

Sinus Rhythm Versus Atrial Fibrillation
Overall, 2058 (60.3%) and 826 (28.6%) patients had sinus
rhythm and atrial fibrillation, respectively.

Regarding the patients with sinus rhythm, those with b-
blockers had lower heart rates. Under stratification by heart
rate, among patients with slow heart rate, the heart rate did not
differ between those with or without b-blockers after 3 months
of follow-up (at discharge: 62.8�5.0 versus 62.0�5.2 bpm,
P=0.087; at 1 month: 70.8�12.3 versus 74.7�16.1 bpm,
P=0.026; at 3 months: 72.6�13.5 versus 72.1�18.1
bpm, P=0.815; at 6 months: 71.6�14.3 versus 72.0�14.1
bpm, P=0.818; at 12 months: 73.6�13.2 versus 74.5�13.8
bpm, P=0.630). However, among patients with high heart rate,
those with b-blockers had lower heart rate throughout the
follow-up. Regarding the outcomes, only patients with high
heart rate and no b-blocker prescription had higher 1-year all-
cause mortality, whereas there was no significant difference
among the other groups (Figure 4A).

Among patients with atrial fibrillation, there was no
difference in heart rate between patients with and without
b-blocker use (at discharge: 76�14 versus 76�15 bpm,
P=0.652; at 12 months: 79�18 versus 28�17 bpm,
P=0.891). Patients with a b-blocker at discharge had better
baseline characteristics (Table 3). In Kaplan–Meier survival
analysis, patients with a b-blocker at discharge had better
outcomes regardless of heart rate. Patients with slow heart
rate and without b-blocker prescription had numerically
higher 1-year mortality than those with b-blocker prescription

Figure 1. The study patients. BB indicates b-blocker; KorAHF,
Korean acute heart failure; LVEF, left ventricular ejection fraction.
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(P=0.239). Nonetheless, patients without a b-blocker and with
high heart rate had the worst outcomes (Figure 4B). After
adjustment for significant covariates, b-blocker was not

associated with improved 1-year all-cause mortality in all
patients with atrial fibrillation; however, under stratification by
heart rate, b-blocker was associated with 37% reduced risk for

Figure 2. BB prescription rate and change in heart rate. A, BB prescription rate and proportion of patients
with slow heart rate. B, Among patients with high heart rate, patients with BBs had lower heart rate than
those without BBs (at discharge 82.7�10.8 vs 85.6�11.6 bpm, P<0.001; at 1 month: 82.8�16.7 vs
87.9�15.8 bpm, P<0.001; at 3 months: 78.0�15.5 vs 83.9�14.9 bpm, P<0.001; at 6 months:
75.6�13.9 vs 83.5�15.2 bpm, P<0.001; at 12 months: 79.0�14.4 vs 82.4�16.6 bpm, P=0.002).
Among patients with slow heart rate, the heart rate did not differ after 3 months from discharge (at
discharge: 62.3�5.2 vs 61.4�5.8 bpm P=0.015; at 1 month: 71.5�14.6 vs 74.5�16.6 bpm, P=0.036; at
3 months: 72.8�14.9 vs 73.0�16.9 bpm, P=0.649; at 12 months: 73.8�14.1 vs 73.5�15.4 bpm,
P=0.806). BB indicates b-blocker; bpm, beats per minute; HR, heart rate.

Figure 3. One-year all-cause death and hospitalization for HF according to heart rate and BB prescription at discharge. A, Only
patients with high heart rate and no BB prescription at discharge had higher 1-year all-cause mortality, whereas there was no
significant difference among the other groups. B, Patients without BB prescription had higher 1-year hospitalization for HF
regardless of heart rate, whereas those with BB prescription and slow heart rate had the lowest hospitalization. BB indicates b-
blocker; HF, heart failure.
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mortality (HR: 0.63; 95% CI, 0.40–0.97; P=0.037) in patients
with high heart rate but not in those with slow heart rate.

Β-Blocker Dose
The median in percentage target dose of b-blockers was 21%.
Under stratification according to b-blocker dose, there was no
difference in all-cause mortality between patients with
b-blocker doses greater or less than the median (Figure 5).

Discussion
In this study we examined the effect of b-blockers according
to the discharge heart rate in a large cohort of patients with
HFrEF. We demonstrated that patients with slow heart rate
had favorable outcomes regardless of b-blocker use and that

the use of b-blocker at discharge was associated with
improved 1-year mortality only among patients with high
heart rate.

Β-Blockers, Heart Rate, and Outcomes
Overall, more patients with slow heart rate received
b-blockers, which reflects the negative chronotropic effect
of b-blockers. Nevertheless, among patients without a
b-blocker prescription at discharge, 25% had slow heart rate;
these patients may have low intrinsic heart rate, relatively low
sympathetic tone, or increased sympathetic tone with sinoa-
trial node dysfunction.10 It is reported that heart failure
patients typically have vagal attenuation and elevated sym-
pathetic tone,11 as well as significantly impaired sinus node
function with structural alterations.12

Table 2. Cox Proportional Hazards Regression Analysis for 1-Year Mortality Stratified According to Heart Rate

Heart Rate <70 bpm (n=840) Heart Rate ≥70 bpm (n=2044)

P Value HR 95% CI P Value HR 95% CI

Age 0.002 1.03 1.01–1.05 <0.001 1.03 1.03–1.05

Body mass index 0.087 0.95 0.89–1.01 <0.001 0.93 0.90–0.96

De novo heart failure 0.101 0.68 0.43–1.08 0.546 0.93 0.73–1.18

Hypertension 0.577 1.13 0.73–1.75 0.504 1.08 0.86–1.37

Diabetes mellitus 0.800 1.06 0.69–1.63 0.099 1.21 0.97–1.52

Ischemic heart disease 0.849 0.96 0.62–1.47 0.391 1.11 0.88–1.40

Valvular heart disease 0.128 1.60 0.87–2.95 0.448 0.87 0.60–1.25

Atrial fibrillation 0.979 0.99 0.64–1.55 0.661 0.94 0.72–1.23

COPD 0.778 1.09 0.60–1.98 0.008 1.48 1.12–1.96

Cerebrovascular disease 0.041 1.66 1.02–2.70 0.362 1.13 0.87–1.48

GFR <60 mL/min/1.72 m2 0.851 0.96 0.62–1.49 0.009 1.37 1.08–1.74

Malignancy 0.002 2.44 1.39–4.27 0.126 1.29 0.93–1.77

Current smoking 0.711 1.11 0.64–1.94 0.803 1.04 0.78–1.38

ICD 0.702 0.81 0.27–2.39 0.080 1.71 0.94–3.12

CRT 0.092 2.88 0.84–9.87 0.810 0.88 0.32–2.42

NYHA III/IV 0.678 1.13 0.64–1.98 0.013 1.59 1.10–2.30

Systolic blood pressure 0.258 1.00 0.99–1.00 0.010 0.96 0.99–1.00

Hemoglobin 0.001 0.84 0.77–0.93 0.028 0.94 0.89–0.99

Serum sodium 0.002 0.94 0.91–0.98 <0.001 0.95 0.93–0.97

Serum potassium 0.791 0.96 0.72–1.29 0.659 1.03 0.90–1.19

C-reactive protein 0.311 1.02 0.98–1.07 0.485 1.01 0.99–1.03

RAS inhibitor at discharge 0.567 0.87 0.54–1.40 0.001 0.68 0.55–0.86

MRA at discharge 0.784 0.94 0.63–1.42 0.706 0.96 0.78–1.19

Β-blocker at discharge 0.909 1.02 0.68–1.55 0.014 0.76 0.61–0.95

COPD indicates chronic obstructive pulmonary disease; CRT, cardiac resynchronization therapy; GFR, glomerular filtration rate; HR, hazard ratio; ICD, implantable cardioverter-defibrillator;
MRA, mineralocorticoid receptor antagonist; NYHA, New York Heart Association; RAS, renin–angiotensin system.

DOI: 10.1161/JAHA.118.011121 Journal of the American Heart Association 7

b-Blockers With HFrEF and Slow Heart Rate Park et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



By blocking the adrenergic receptors in cardiomyocytes, b-
blockers exert negative chrono- and inotropic, antiarrhythmic,
and antiproliferative effects, among others. Clinical trials of b-
blockers in patients with HFrEF showed a correlation between
heart rate reduction and improved outcomes.5,13,14 Nonethe-
less, those studies could not separate the negative chrono-
tropic effect from the other potentially beneficial effects of
the b-blockers. Notably, ivabradine, which blocks the If
channel in the sinus node and reduces heart rate without
the properties of a b-blocker, has been shown to improve
clinical outcomes, indicating that heart rate reduction per se
improves outcomes.8 Heart rate reduction lowers energy
expenditure,15 increases coronary perfusion,16 and unloads
ventricular loading via alteration of vascular elastance.17 Thus,
heart rate is not only a marker but also a mediator in patients
with heart failure.

The interaction between heart rate and b-blocker treat-
ment effect has been controversial. Schleman et al reported
that the efficacy of b-blockers was greatest in patients with
faster heart rates,18 whereas others rejected any associa-
tion.5,14 Cullington et al showed that the achieved heart
rate was the main determinant of outcomes.19 In a recent
meta-analysis, b-blockers could reduce mortality in patients
with HFrEF in sinus rhythm regardless of pretreatment heart
rate.20 High heart rate might reflect increased neurohumoral
activity in favor of increased sympathetic tone. Conse-
quently, the effect of b-blockers may be more profound in
those patients because it counteracts the deleterious
effects of tachycardia in a failing heart. We showed that
the effect of b-blockers depends on the heart rate
(Figure 6).

We did not specifically investigate the pathophysiologic
mechanism for the ineffectiveness of b-blockers in patients
with slow heart. A possible explanation is that because the
magnitude of heart rate reduction by b-blockers depends on

Table 3. Baseline Characteristics of Patients With Atrial
Fibrillation

b-Blocker Yes
(n=477, 57.7%)

b-Blocker No
(n=349, 42.3%)

P
Value

Age, y 67.5�12.9 68.5�12.8 0.123

Men, % 63.7 62.8 0.773

De novo, % 51.2 32.7 <0.001

Body mass index, kg/m2 23.7�3.8 23.0�3.6 0.011

Past medical history

Hypertension, % 56.6 51.0 0.110

Diabetes mellitus, % 29.8 27.8 0.536

GFR <60 mL/
min/1.72 m2, %

42.1 48.0 0.095

Ischemic heart
disease, %

26.8 31.1 0.222

Valvular heart
disease, %

8.6 20.6 <0.001

COPD, % 9.4 13.8 0.058

Cerebrovascular
disease, %

18 17.5 0.838

Malignancy, % 7.8 8.9 0.561

Current smoking, % 23.1 13.5 0.001

ICD, % 1.5 2.6 0.252

CRT, % 1.0 0.9 0.785

NYHA functional
class, %

0.529

II 12.2 13.5

III 43.4 39.5

IV 44.4 47.0

Physical exam (at admission)

Systolic BP, mm Hg 127.3�25.6 124.3�26.9 0.109

Diastolic BP, mm Hg 82.1�18.4 78.4�17.9 0.004

Heart rate, bpm 99.3�29.1 98.2�30.2 0.601

Laboratory findings

Hemoglobin, mg/dL 13.5�2.1 13.0�2.2 0.001

Serum sodium,
mmol/L

138.0�4.2 136.8�5.4 <0.001

Serum potassium,
mmol/L

4.4�0.6 4.5�0.6 0.006

BUN, mg/dL 25.3�15.1 29.1�17.1 0.001

Creatinine, mg/dL 1.3�1.0 1.5�1.2 0.124

BNP, pg/mL 1252�1053 1398�1344 0.261

NT-proBNP, pg/mL 9031�9322 10 633�11 946 0.116

Troponin I, ng/mL 0.7�5.4 1.2�5.9 0.323

Troponin T, ng/mL 0.1�0.6 0.1�0.3 0.814

C-reactive protein,
mg/L

1.8�3.1 2.2�3.7 0.115

Continued

Table 3. Continued

b-Blocker Yes
(n=477, 57.7%)

b-Blocker No
(n=349, 42.3%)

P
Value

Echocardiographic parameters

LVEF, % 27.2�7.7 27.3�7.7 0.840

Medications at discharge

RAS inhibitor, % 80.7 64.2 <0.001

MRA, % 57.0 47.0 0.004

Digoxin, % 58.5 51.6 0.019

BNP indicates B-type natriuretic peptide; BP, blood pressure; BUN, blood urea nitrogen;
COPD, chronic obstructive pulmonary disease; CRT, cardiac resynchronization therapy;
GFR, glomerular filtration rate; ICD, implantable cardioverter-defibrillator; LVEF, left
ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NT-proBNP, N-
terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; RAS, renin–
angiotensin system.
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the baseline heart rate and patients with low heart rate
experience smaller reduction in heart rate, the effect of the b-
blocker may be reduced. This explanation is consistent with
the finding that there was no difference in heart rate between

patients with or without b-blockers among those with slow
heart rate at discharge. Slow heart rate might reflect low
sympathetic tone. Consequently, the effect of b-blockers may
be less prominent in patients with slow heart rate.

Figure 4. One-year all-cause deaths in patients with sinus rhythm and atrial fibrillation. A, Sinus rhythm. B, In the subgroup of patients with
atrial fibrillation, patients taking a BB at discharge had better outcomes regardless of heart rate, whereas those without a BB and with high heart
rate had the worst outcomes. BB indicates b-blocker; HR, heart rate.

Figure 5. One-year all-cause deaths according to BB dosage. In all patients and patients with high heart rate, patients without BB prescription
at discharge had higher 1-year all-cause mortality than those with BB prescription; however, there was no difference in mortality between
patients with BB dose above and below the median. Among patients with slow heart rate, 1-year mortality did not differ between those with
doses above and below the median and those without a BB. BB indicates b-blocker; bpm, beats per minute; HR, heart rate.
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Atrial Fibrillation
The prognostic value of heart rate and the beneficial effect of
b-blockers in patients with heart failure and atrial fibrillation
remain controversial. In patients with atrial fibrillation, slow
heart rate may indicate a significant dysfunction in the
conducting system, whereas high heart rate may represent
compensatory response to the loss of atrial contraction. In
some studies, high heart rate was associated with worse
outcomes,21,22 whereas in the post hoc analysis of the
CHARM (Candesartan in Heart Failure-Assessment of Reduc-
tion in Mortality and Morbidity) study,23 heart rate did not
have any prognostic value. Similarly, the effect of b-blockers
was also inconsistent. In CIBIS-II (The Cardiac Insufficiency
Bisoprolol Study II), the morbidity and mortality rates were
similar between the bisoprolol and placebo groups.24 In a
meta-analysis, Kotecha et al25 and Rienstra et al26 showed
that b-blockers did not lead to a reduction in death of patients
with heart failure and atrial fibrillation. In contrast, Simpson
et al27 showed improved survival with b-blocker treatment
despite the absence of heart rate reduction.

In this study, the b-blocker prescription at discharge was
not associated with a reduction in heart rate but was
associated with better outcomes in patients with atrial
fibrillation regardless of heart rate. Differences in the study
populations might explain the varying results.

Clinical Implications
In patients with HFrEF, b-blockers should be initiated as soon
as possible, at best during hospitalization for acute heart

failure.28 Concerns about worsening heart failure, bradycardia,
and hypotension are psychological barriers to the prescribing of
b-blockers, especially in patients with slow heart rate. Regard-
ing 1-year mortality, our study showed that patients with slow
heart rate seem to do equally well with or without a b-blocker
prescription, indicating that not all patients benefit equally from
b blockade.

Nonetheless, b-blockers had a beneficial effect on 1-year
mortality of patients with high heart rate and a favorable
effect on hospitalization for heart failure regardless of heart
rate. These results suggest that patients should receive a b-
blocker regardless of their heart rate, unless contraindicated,
which is also in line with current practice guidelines.

Limitations
Because of the nature of the study design, albeit a large
prospective cohort study, we were unable to exclude
confounding factors that may have influenced the variable
effect of the b-blockers according to patients’ heart rates. The
results remain to be proven in a randomized clinical trial of
patients with low heart rate treated by b-blockers or placebo.
The proportion of b-blocker usage and the prescribed doses
were lower in this study compared with other clinical trials.
Although these details may accurately reflect actual clinical
practice in Asia, the study results cannot be extrapolated to
other patients who receive higher dose of b-blockers. Finally,
it is unknown whether the same cutoff value for low heart rate
can be applied for both atrial fibrillation and sinus rhythm.
This cutoff should be tested in a larger cohort with atrial
fibrillation patients.

Figure 6. Heart rate and outcomes. A, The risk of mortality increased as the heart rate elevated in patients both with and without BBs. B,
Effect size of BBs on outcomes according to heart rate. The effect of BBs appeared to decrease as the heart rate declined. The solid line
represents the estimated probability of 1-year all-cause mortality, the shaded area is 95% CI. Below is a density plot showing the distribution of
observed heart rate. BB indicates b-blocker.
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Conclusions
In hospitalized patients with HFrEF, many patients have a slow
heart rate at discharge and favorable 1-year mortality
regardless of b-blocker prescription at discharge. b-Blockers
may have limited effect with HFrEF and slow heart rate at
discharge. This study result is hypothesis generating, and
whether b-blockers may be deferred in hospitalized patients
with HFrEF and slow heart rate at discharge must be
confirmed in further clinical trials.
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